T he HER-2 gene encodes a 185 kDa transmembrane phosphoglycoprotein with tyrosine kinase activity and is a member of the human epidermal growth factor receptor gene family. 1 Cells transfected with HER-2/neu acquire a more malignant phenotype, with stimulation of cell proliferation, invasion, and metastasis. 2 This has been confirmed in the clinic: women with HER-2/neu positive breast cancer have a worse prognosis than those with HER-2/neu negative cancers; this is also true for T1N0M0 tumours. [3] [4] [5] [6] Furthermore, HER-2/neu overexpression has been correlated with poor prognostic tumour characteristics such as higher histological grade, S phase fraction, increased tumour size, number of involved lymph nodes, lymphoid infiltration, p53 mutation, absence of bcl-2, absence of lobular histology, and negative or lower oestrogen receptor (ER) expression. [7] [8] [9] [10] [11] [12] [13] [14] [15] As a consequence, several, but not all, studies have confirmed that HER-2/neu overexpressing tumours show a lower response to tamoxifen in metastatic or early breast cancer. [16] [17] [18] [19] [20] [21] ''Women with HER-2/neu positive breast cancer have a worse prognosis than those with HER-2/neu negative cancers'' Several techniques are available for the genetic testing of HER-2/neu amplification. Fluorescence in situ hybridisation (FISH) has become popular over the past few years because it is a reliable method. Semiquantitative measurement using immunohistochemistry (IHC) for the HER-2/neu membrane receptor protein can also accurately predict gene amplification. 22 FISH for HER-2/neu has a higher failure rate and reagent cost than IHC, and it takes longer to carry out and interpret than IHC. Testing for HER-2/neu is currently standard practice because it has a prognostic role and predicts response to the anti-HER-2/neu antibody, trastuzumab, which offers an extra treatment option, in monotherapy and also together with chemotherapy in women with metastatic disease. [23] [24] [25] Trastuzumab is currently under extensive evaluation in major clinical trials and HER-2/neu is being tested as a predictor of response to other treatments in large prospective clinical outcome studies.
It has recently been suggested in a univariate model that there is an inverse relation between the expression of the progesterone receptor (PR) and HER-2/neu in women with ER + breast cancer. 11 12 However, ER + breast cancers that are PR 2 are more likely to be of a high grade, resistant to tamoxifen, and more aggressive, independent of treatment. [26] [27] [28] Therefore, it is not clear whether tumour grade and PR remain independent predictors for HER-2/neu in a multivariate model. We examined in a multivariate analysis the relation between HER-2/neu overexpression and other clinicopathological factors in women with operable breast cancer.
MATERIALS AND METHODS
Charts from 1688 consecutive women with breast cancer, treated between January 2000 and July 2003 at Leuven University Hospital, Belgium, were retrospectively evaluated.
Women who had recurrent tumours or received neoadjuvant treatment, in addition to those with missing data on the tumour characteristics, were excluded; 1362 patients remained. The following factors were evaluated: patient's age at diagnosis, tumour size, tumour grade, axillary lymph node status, ER, PR, and HER-2/neu status.
IHC staining for ER, PR, and HER-2/neu was carried out according to the Envision method as a standard procedure for clinical purposes using the NCL-ER-6F11/2, NCL-PgR-312, and CB11 primary monoclonal antibodies, respectively. ER, PR, and HER-2/neu IHC staining was evaluated semiquantitatively. Using the H score for ER and PR, a negative result was defined as a score of ( 50, weakly positive as 51-100, moderately positive as 101-200, and strongly positive as . 200. The DAKO scoring system for HER-2/neu was defined as negative for scores of 0, 1+, or 2+ and positive for tumours with a score of 3+. In a small subgroup (n = 41) of the 149 women with a HER-2/neu DAKO score 3+, FISH data were available for HER-2/neu. Because some HER-2/neu DAKO score 2+ cases will be FISH positive for HER-2/neu, we also compared DAKO score 0 or 1+ with DAKO score 2+ or 3+ cases separately. Tumour grading was performed according to the Ellis and Elston grading system. 29 Using univariate and multivariate analyses, we identified the following factors to predict HER-2/neu status: ER status, PR status, tumour size, tumour grade, axillary lymph node status, and patient's age at diagnosis. The x 2 test was used to examine the categorical variables and the association between HER-2/neu status and other clinicopathological variables in univariate analysis. In multivariate analysis, logistic regression was used to detect the independent factors predicting HER-2/neu overexpression. The frequency of HER-2/neu expression according to joint ER/PR status and the distribution of the hormone receptor status (ER, PR, and joint ER/PR) according to HER-2/neu were also calculated. All statistical tests were two sided and p , 0.05 was considered significant. All statistical analyses were performed with SPSS software version 11.0.1 for Windows (SPSS Inc, Chicago, Illinois, USA). Tables 4 and  5 show these data for HER-2/neu DAKO scores 2+ or 3+ versus 0 or 1+. The results are similar to those for HER-2/neu DAKO scores 3+ versus 0, 1+, or 2+. However, the predictors for HER-2/neu overexpression in the multivariate model-ER, PR, and tumour grade-have a higher OR when using DAKO score 3+ cases against 0-2+ rather than DAKO scores 2+ or 3+ against 0-1+ cases. Tables 6 and 7 *HER-2/neu was defined as negative when the DAKO score was 0 or 1+, and positive when 2+ or 3+; ÀHER-2/neu was defined as negative when the DAKO score was 0, 1+, or 2+, and positive when 3+;`ER and PR were defined as negative when the H score was (50, and positive when 51-300. ER, oestrogen receptor; PR, progesterone receptor. 11.5%; p , 0.001) and from ER + PR 2 to ER + PR + (11.5% to 5.4%; p = 0.001) cases. These data were similar when comparing HER-2/neu DAKO score 0 or 1+ with HER-2/neu DAKO score 2+ or 3+ cases (data not shown). Tables 8 and 9 show the frequency of hormone receptor expression according to HER-2/neu status. HER-2/neu positive tumours are more often hormone receptor negative than HER-2/neu non-overexpressing tumours. Tables 10 and 11 show the predictive value of the clinicopathological factors for HER-2/ neu in women with an ER + breast cancer. In multivariate analysis, PR and tumour grade remained independent predictors for HER-2/neu overexpression in this subgroup of patients with breast cancer. In 41 of the 149 women with a HER-2/neu DAKO score 3+, we obtained FISH data for HER-2/neu gene amplification. All 41 cases were FISH positive.
RESULTS

DISCUSSION
We compared HER-2/neu overexpression in hormone receptor positive and hormone receptor negative breast cancers, considering ER, PR, and joint ER/PR expression. In a multivariate model, ER negativity, PR negativity, and high tumour grade were independent predictors of HER-2/neu positivity. In the subgroup of women with an ER + tumour, PR negativity remained an independent predictor for HER-2/neu overexpression. For the joint ER/PR subgroup, the likelihood of a positive HER-2/neu status decreased significantly from ER 30 The inverse association between steroid hormone receptors and HER-2/neu has also been described in clinical studies. 8 9 11 12 Most studies on this inverse 26 Tumour grade is one of the best predictors for HER-2/neu overexpression, and may therefore interfere with PR as an independent predictor for HER-2/neu. However, our findings showed that this is not the case. We were able to show that PR is an independent predictor for HER-2/neu overexpression in a multivariate model taking other predictors such as tumour grade into account. We agree that the HER-2/neu overexpression rate is low in a large subgroup of patients with breast cancer. 12 In our study, the population of ER + tumours with a low grade (grade 1-2) comprises 58% of the entire population and these tumours are HER-2/neu positive in only 3.7% of cases. In this low grade ER + population, PR is also predictive for HER-2/ neu positivity, which was 2.7% and 7.4% in PR + and PR 2 tumours, respectively (p = 0.005). Therefore, our data on the importance of PR in predicting HER-2/neu overexpression in low and high grade tumour lesions add to the existing data on this topic and show consistency between populations, so that we still believe in the importance of measuring PR in women with an ER + breast cancer, in contrast to recent reports suggesting otherwise. 32 The inverse association between HER-2/neu and hormone receptors leads to lower or absent hormone receptors in women with HER-2/neu positive breast cancers. This is one of the reasons why women who overexpress HER-2/neu may be resistant to tamoxifen. [16] [17] [18] [19] [20] In women with an ER + breast cancer, HER-2/neu overexpression implies a greater likelihood of the tumour being PR 2 . Rhodes et al have shown that the ER + PR 2 variant is a menopause related phenotype. 33 Endogenous oestrogen may be too low to upregulate PR and repress HER-2/neu by oestrogen binding to ER, so that the inverse association might be restricted to postmenopausal women. Recently, it has been shown that the ER + PR 2 phenotype is predictive of tamoxifen resistance in postmenopausal women. ER + PR 2 tumours have a higher response to aromatase inhibitors and no further response beyond two years of tamoxifen use compared with the ER + PR + phenotype. 34 35 However, these randomised controlled studies did not associate HER-2/neu positivity with the ER + PR 2 phenotype, but our findings and those of others suggest this as one of the underlying mechanisms for Data are numbers of patients (%). *HER-2/neu was defined as negative when the DAKO score was 0, 1+, or 2+ and positive when 3+; ÀER or PR was defined as negative when the H score was (50, and positive when 51-300. ER, oestrogen receptor; PR, progesterone receptor. Data are number of patients (%). *HER-2/neu was defined as negative when the DAKO score was 0, 1+, and 2+ and positive when 3+; ÀER or PR was defined as negative when the H score was (50, and positive when 51-300. ER, oestrogen receptor; PR, progesterone receptor. tamoxifen resistance in such patients. This is another reason to measure PR in women with an ER + tumour. 32 The mechanism behind PR negativity in premenopausal women with an ER + breast cancer and large amounts of circulating oestrogen is not known, but may be different from that in postmenopausal women. Whether HER-2/neu overexpression also implies a greater likelihood for PR negativity in premenopausal women with an ER + breast cancer is the subject of our own ongoing research, but one study indicated that HER-2/neu overexpression is not a predictor for resistance to antioestrogen treatment in premenopausal women with early breast cancer. 36 ''We were able to show that PR is an independent predictor for HER-2/neu overexpression in a multivariate model taking other predictors such as tumour grade into account'' Our IHC definition of HER-2/neu positivity has been shown to be comparable to FISH testing for HER-2/neu, 22 and we found 100% agreement between IHC 3+ and FISH gene amplification for HER-2/neu in a small subgroup of women with a FISH result available. A small number of patients with a lower than 3+ score for HER-2/neu may also test positive using FISH. 37 Most studies on HER-2/neu expression examined HER-2/neu by enzyme linked immunosorbent assay or considered DAKO score 2+ cases in the group of HER-2/neu positive tumours when using IHC. This may explain why our frequency data for HER-2/neu overexpression are lower than in other reports. When we considered DAKO score 2+ or 3+ versus 0 or 1+ as HER-2/neu positive and negative, respectively, the inverse association between HER-2/neu and hormone receptors remained significant, but the odds ratios of the different variables predicting HER-2/neu positivity were slightly lower. Furthermore, our data are also reliable in that we used a large number of patients from one centre where the scoring analysis was validated by one pathologist (Dr M Drijkoningen).
In conclusion, we examined whether ER, PR, tumour grade, and other clinicopathological factors in all women with breast cancer and in women with an ER + breast cancer were associated with HER-2/neu positivity. We found such a predictive role for ER and PR in a multivariate model also including tumour grade. We suggest that the inverse relation between loss of ER and HER-2/neu overexpression should be extended to loss of PR in ER + breast cancers. Whether women with an ER + PR 2 breast cancer need more aggressive treatment or a combination of hormone treatment and anti-HER-2/neu antibodies in contrast to women with an ER + PR + breast cancer will become clear from the results of major breast cancer treatment trials taking all these different variables into consideration. Take home messages N Using multivariate analysis, we found that the oestrogen receptor (ER), progesterone receptor (PR), and tumour grade were independent predictors of HER-2/ neu overexpression in women with operable breast cancer N ER and PR were inversely related to HER-2/neu overexpression, whereas tumour grade was positively associated with HER-2/neu overexpression N In women with ER + tumours, the expression of PR affects the likelihood of HER-2/neu overexpression, and it may be that women with ER + PR 2 tumours should be targeted with more aggressive treatment than those with ER + PR + tumours
